To describe adverse drug reactions (ADRs) reported for children aged 0-17 years in Ghana.
Netherlands). ADRs reported for children worldwide by member states of WHO International Drug Monitoring Programme have been analysed from VigiBase [8] . In addition, paediatric ADRs have been reported from national ADR databases of high-income countries in Europe [6, 9] , USA [10] and Cuba [5, 11] . However, there have been no published reports for children in Africa from a national pharmacovigilance database.
The population of Ghana is 25 million, of whom 11 million are children aged 0-17 years. Ghana was the first country in West Africa to have a national pharmacovigilance (PV) centre. It joined the WHO Programme for International Drug Monitoring in 2001, and maintains an ADR database. The UMC and WHO then established centres in Ghana in 2009 (the then UMC-Africa as well as the WHO Collaborating Centre for Advocacy and Training in Pharmacovigilance), with the responsibility of promoting and supporting ADR reporting in Africa [12] . The national PV centre in Ghana is located within the national drug regulatory agency, the Ghana Food and Drugs Authority (FDA), with active regional centres throughout the country. The reports received are shared globally within the WHO Individual Case Safety Reports (ICSR) database, VigiBase [13] , managed by the UMC in Sweden. The aim of this study was to describe the type, frequency and severity of ADRs among Ghanaian children using this database.
Methods
The Ghana FDA gave approval for the use of the data, and consent from patients was not required. All the anonymised reports forwarded by the Ghana Food and Drugs Authority between 1999 and December 2012 to the International Drug Monitoring Centre, and entered into the WHO Global Individual Case Safety database, VigiBase were retrieved. The reports for children aged 0-17 years were identified and grouped into neonates, infants, children and adolescents according to ICH guidelines [14] . ADRs were described according to year, sex and age of the child, and notifier of reports. WHO-Adverse Reaction Terminology (WHO-ART) preferred and critical terms were also evaluated. WHO-ART critical terms are reported ADRs which may be indicative of serious disease states, and need quick and decisive action [15] . The suspect drugs were described according to WHODrug Dictionary (WHO-DD) preferred base name, and an individual ADR reported with more than one drug in a single case was considered only once.
Results
During the 14-year period, 343 reports containing 600 ADRs were received from a total of 1819 reports submitted to UMC by Ghana. This represented an average reporting rate of 2. For the cases where sex was indicated, female reports numbered 164 (48%), and those for males were 167 (49%). Children aged between 2-11 years made up just over a third of the reports (Table 1) , as did reports for infants aged 28 days to 23 months.
Nurses submitted 172 (50%) of the reports, pharmacists 79 (23%), and physicians 52 (15%). Information on reporter details on 40 (12%) of the cases were not provided.
A total of 601 ADRs were reported during the period (Table 2) . Twenty-five percent of these were considered serious, including maculo-papular rash, which was linked to diclofenac. Injection site infection (n = 58), fever (n = 58), and rash (n = 34) were the most frequently reported ADRs. StevensJohnson syndrome was the sixth most frequently reported ADR, and was experienced by 27 children. According to system organ class, infants and children were reported with almost equal proportions of ADRs (35% v 36%).
Vaccines, antimalarials, antibiotics and anthelmintics were the most frequently reported classes of drugs (Table 3) . Vaccines (measles and pentavalent) were the predominant drug class for children 0-23 months, followed by antimalarials which were mostly reported for children aged 2-11 years.
Three hundred and seventy seven individual drugs were reported for the 343 children. Tetanus vaccine, measles vaccine, amodiaquine/artesunate and mebendazole were the individual drugs most frequently reported (Table 4 ). Six antimalarials, five antibiotics, four vaccines, and four anthelmintics were within the 20 medicines most frequently reported. Diclofenac was the only drug in the top 20 that was not an anti-infective agent.
There were 23 (6.7%) fatalities recorded for the 343 reports. Anti-infective agents or vaccines were reported for all of the deaths (Table 5 ). Antimalarials were associated with 12 fatalities, antibiotics with 7 deaths, anthelmintics (4 deaths), and vaccines with 2 deaths. The antimalarial, quinine, was reported for 9 fatal cases. The reason for the fatalities was unknown in most cases, and in two cases, quinine was reported as ineffective. Stevens-Johnson syndrome was mostly associated with the reported deaths. Only one of the fatalities resulting from Stevens-Johnson syndrome was reported as certainly related to the drug, mebendazole. Causality assessments were recorded in 16 of the 23 fatalities. The majority were considered possible (Table 5 ).
An additional 61 children experienced a total of 64 non-fatal critical ADRs (Table 6 ). Stevens Johnson syndrome was the most frequent non-fatal critical ADR and was mainly reported with antibiotics and antimalarials.
Discussion
Underreporting has been globally acknowledged as a major challenge in pharmacovigilance practice [2] , and the ADR reporting rate of 2.5 reports per million children per year recorded is thus not unexpected as observed in a similar study in Nigeria [16] . This may largely be due to the lack of reporting forms, and awareness of ADR reporting procedures from healthcare professionals [17] . However, with the establishment of the WHO Collaborating Centre and the UMC office in Ghana in 2009 [18] , awareness in pharmacovigilance has improved. The National Centre for Pharmacovigilance has also been active in its advocacy activities leading to increased reporting over the years though the fall in reports between 2011 and 2012 is of concern. Also of importance is the increasing pharmacovigilance activity of the FDA including the appointment of regional pharmacovigilance officers, and close collaboration between the FDA and the Expanded Programme on Immunisation in monitoring safety of vaccines.
The high number of nurses' reports observed may be attributed to their involvement in active monitoring of swine flu (H1N1) pandemic vaccination in Ghana [19] and unique role in observing patients' early signs and symptoms of drug reactions [20] . In contrast, pharmacists in Canada [21] and Netherlands [22] have been seen to report more ADRs for children, as patients consult with them directly at pharmacy outlets. The key to success in ADR reporting is adequate pharmacovigilance education for all healthcare professionals which has been adopted in Cuba, and improved reporting rates [5] .
A large proportion of reports in this study concerned children aged 2-11 years. This observation was similar, for the same group of children, to a study carried out in Spain [9] but in contrast with the report from Denmark, where majority of cases reported were for infants aged 0-2 years [6] . The large number of reports for children aged between 2-11 years probably relates to the prevalence of malaria and hence anti-malarials in this age group.
Anti-infectives, mainly vaccines constituted the highest number of medical product reported in this study. This observation was consistent with studies conducted in Sweden [23] and UK [24] , and contrasted with reports in USA [10] where medicines used to treat paediatric attention deficit hyperactivity disorder (ADHD) were the most frequently reported drugs. The interest shown by the national Expanded Programme on Immunisation (EPI) in safety monitoring, and its collaboration with the National Pharmacovigilance Centre, may have contributed to the relative large number of reports involving vaccines. The pentavalent vaccine was largely associated with fever and other injection site reactions in children aged between 0-2 months. These findings were consistent with previous studies conducted in Sweden and Cuba [5, 23] .
Malaria is a major contributor of child mortality in sub-Saharan Africa, and chloroquine which was primarily used for its treatment was replaced with artesunate-amodiaquine as first line of therapy in Ghana in 2005 [25] . The fatality rate reported was much higher than observed in studies in Europe [26] [27] [28] , possibly due to (i) the high prevalence of malaria and hence the widespread use of antimalarials, (ii) reporting of mostly serious ADRs, or (iii) due to consumption of sub-standard medicines. The majority of the fatalities may be due to the disease (severe malaria) itself and not necessarily the antimalarials. In most of the cases, deaths from unknown cause and medicine ineffectiveness were associated with quinine. This suggests that the drugs could have been either counterfeit or sub-standard or the diagnosis inaccurate, and the fatalities reported may have resulted from the use of these possibly fake medicines or due to mis-diagnosis. Root cause analyses were not carried out thus it is impossible to tell the exact cause. The presence of falsified and sub-standard antimalarials, particularly, quinine in sub-Saharan Africa has been recognised [29] , and in Ghana, sub-standard artemisinin-combination therapy have been sold in the open market [30] . The Ghana FDA has over the past 10 years taken active steps to improve detection of counterfeit medicines circulating in the country, and repeated surveys shows that the strong regulatory guidelines applied by the FDA are yielding results. Nonetheless, the FDA has placed measures to curb distribution of such hazardous medicines and alert consumers whenever they are identified [31, 32] .
Three children who were administered the antibiotic, ceftriaxone, also died of an unknown cause. Unexplained sudden death with ceftriaxone has been reported by others in China [33] and Cuba [5] .
Three of the 4 fatalities due to antihelminthics were recorded between 2008 and 2009. The first nationwide programme to deworm children in Ghana was initiated in 2007. However, the programme was derailed due to bad media publicity on rumours of death associated with the drugs used for the programme [34, 35] . It is possible that these deaths may be linked to the programme or that the reporting of these cases was occasioned by the bad publicity.
Data incompleteness was a major limitation in this study. A dedicated committee of experts in pharmacovigilance (Technical Advisory/Expert Committee) regularly meet to assess the reports. However, most of the fatal reports did not contain causality assessment and other important information about the drugs such as dosage. This made interpretation of the results difficult.
Conclusion
Vaccines, antimalarials and antibiotics are the leading medicines causing reported ADRs in Ghanaian children. There was a high mortality rate among the reports, compared to previous studies in European children. Of the 23 deaths reported, 6 were due to Stevens-Johnson syndrome which occurred following intake of pyrimethamine/sulfadoxine, mebendazole, albendazole and ivermectin.
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